Abstract. In this paper, the robustness in practical control problems is studied and verified. For such study and verification, the position control of a twin rotor MIMO system is considered in terms of both the simulation and the experiment. With the coupled model of the twin rotor MIMO system, the conventional input-output feedback linearization based nonlinear controller is designed first without the consideration of model uncertainties and its performance is analyzed through both the simulation and the experiment. Based on the analysis results, a robust controller, the sliding mode controller for the twin rotor MIMO system is designed. Accordingly, it is concluded that the importance of the robustness consideration in practice and practical issue for designing a robust controller are verified.
Introduction
The twin rotor MIMO system (TRMS) is a laboratory prototype of a flight control system which is a nonlinear multi-input-multi-output (MIMO) system. Because of its similarity with a real helicopter type UAVs on certain aspects, the control of TRMS has gained a lot of research interests [1] [2] [3] [4] [5] [6] [7] . Due to the high coupling effect between two rotors, there exist nonlinearity and stability problems in TRMS. Therefore, the control problem of the TRMS to solve them has been considered [8] [9] [10] [11] .
As a common approach, linearized model has been controlled by the linear controller or original model is controlled by nonlinear controller in order to control of nonlinear model. However, nonlinear controllers have had to be considered in order to control for the entire system since it is possible to control only in the vicinity of the operating point to a control to a linear model. In order to overcome uncertainty of the model, the sliding mode controller has been widely used. However, it is not a easy problem to know the range of uncertainties and assume the range of the uncertainty.
In this paper, we discuss the model uncertainties can be faced with the twin rotor control system experiment. The robustness in practical control problems is studied and verified. With the coupled model of the twin rotor MIMO system, the conventional input-output feedback linearization based nonlinear controller is designed first without the consideration of model uncertainties and its performance is analyzed through the experiment. Based on the analysis results, a robust controller, the sliding mode controller for the twin rotor MIMO system is designed. Accordingly, it is concluded that the importance of the robustness consideration in practice and practical issue for designing a robust controller are verified.
2

Modeling of Twin Rotor System
The state space model of the TRMS system can be represented as follows 
The output is given by
Define the state variables as 1 x is the pitch angle, 3
x is the yaw angle, 2
x is the pitch angular velocity in the vertical plane, 4 x is the yaw angular velocity in the horizontal plane, 5 x is the momentum of main motor and 6 x is the momentum of tail motor.
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Design of Feedback Linearization Controller of Twin Rotor System Based on Coupled Model
Because of the beam relative to the yaw axis and the pitch axis are connected with a beam and this connection leads the nonlinearity and uncertainties in model. In this section, feedback linearization based controllers for a vertical control and a horizontal control are designed, which consider only the nonlinearity. We shall differentiate vertical output of equation (1) 
Where output tracking control input
In the same manner, output tracking control input 
Design of Sliding Mode Controller of Twin Rotor System Based on Coupled Model
The following is a design process of the sliding mode controller. The sliding surface in the vertical direction written by
Where, 1 n is system order of main rotor,
1
 is positive constant,
x e y y    Sliding mode controller in the vertical direction applied to the sliding surface is defined as follows
Where, 
Sliding mode controller in the horizontal direction applied to the sliding surface is defined as follows
Experimental of Feedback Linearization Controller and Sliding Mode Controller
In the feedback linearization controller for vertical subsystem of TRMS, choose the value of three gains as follow:
In the horizontal subsystem, the value of three gains is chosen as:
320, 222, 360
In the sliding mode controller for vertical subsystem of TRMS, choose again the value of three gains and sliding surface constant and sliding controller gain as follow:
35, 156, 180, 20, 10
In the horizontal subsystem, the value of three gains and sliding surface constant and sliding controller gain are chosen as: 
Conclusion
In this paper, the robustness in practical control problems was studied and verified. For such study and verification, the position control of a twin rotor MIMO system was considered in terms of both the simulation and the experiment. With the coupled model of the twin rotor MIMO system, the conventional input-output feedback linearization based nonlinear controller is designed first without the consideration of model uncertainties and its performance is analyzed through the experiment. It was concluded that the importance of the robustness consideration in practice and practical issue for designing a robust controller are verified.
